Reactive oxygen species, mitochondria, and NAD(P)H oxidases in the development and progression of heart failure.
Reactive oxygen species (ROS) released acutely in large amounts have been traditionally implicated in the cell death associated with myocardial infarction or reperfusion injury. These ROS can be released from the cardiac myocyte mitochondria, xanthine oxidase, and the phagocytic nicotinamide adenine dinucleotide phosphate (NAD(P)H) oxidase. Interestingly, the chronic release of ROS has been recently linked to the development of left ventricular hypertrophy and heart failure progression. The chronic release of ROS appears to derive from the nonphagocytic NAD(P)H oxidase and mitochondria. Experimental data are accumulating suggesting that the release of ROS is required for the normal, physiologic activity of cardiac cells, but abnormal activation of the nonphagocytic NAD(P)H oxidase in response to neurohormones (angiotensin II, norepinephrine, tumor necrosis factor-a) has been shown to contribute to cardiac myocyte hypertrophy. Furthermore, the fibrosis, collagen deposition, and metalloproteinase activation involved in the remodeling of the failing myocardium are dependent on ROS released during the phenotypic transformation of fibroblasts to myofibroblasts associated with progression of end-stage heart failure. Future studies are necessary to identify the sources, mechanisms of activation of NAD(P)H oxidases, and downstream signaling targets implicated in the progression of chronic heart failure.